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(57) Abstract: A substrate processing apparatus in which the 
temperature of a substrate is predicted to easily control the 
temperature of the substrate. A reaction furnace (processing 
chamber)(3) has four temperature regulating zones defined by 
zone heaters (340-1 to 340-4) and adapted to set and regulate 
the temperatures. A temperature controller (4) combines the 
temperatures measured by inner thermocouples (302-1 to 
302-4) and outer thermocouples (342-1 to 342-4) according 
to the time constant of the temperature of the substrate heated 
by the zone heaters (340-1 to 340-4) and calculates a predicted 
temperature of the substrate by first-order lag calculation- The 
temperature controller (4) calculates the electric power values 
(controlled variables) of the zone heaters (340-1 to 340^) by 
using the substrate predicted temperature and outputs them to 
the zone heaters (340-1 to 340-4). 
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-4l3:^i--51^^?aSS:ds^'fbbfcJ®'a'.)/—:^t-i5'340-l -340-4-?: tb^^n;^^ 

[0074] ±num'^=-'^(Dmm=^>yi^f'Wmmw' top (t) cD^syt-ffl v ^p^nst^ 

[0075] [^7] 
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Ptop(t) = {Pu(t) XO. 727} + {Pcu(t) XO. 364} + lPcl(t) x (-0. 068)} 
+ {PI(t) X (-0. 023)} ■•■ (7) 

(IL. Pu (t) . Peu (t) . Pel (t) , PI (t) \t. uy— >s CU'/~>. CLy-> 

[0076] ^7{zx^xw-m^titiP^^^^Mumptop (t) ^4KiXA^tis ±wu.m^ 

_h^ia^^^^oS^3i-/i;?^|gijiailw' top (t) coi^^/lijtcffl v ^f?i^?>^ 

[0078] [^8] 

Htop(t) = {Hu(t) XO. 727} + {Hcu(t) XO. 364} + {Hcl(t) x (-0. 068)} 
+ {HI(t) X (-0. 023)} ■•• (8) 

{iUHu(t), Hcu(t). Hol(t). HI(t)r±.U!/— >.CU^/— >»CL!/— > 

[0079] ^sizLX^xwia^tifc^'^mmMumutop (t) ^iKi^A^M^tKxy). 
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[0081] St^^^yi^^SiJtaSW (t)^mW-t-5fcfc<D?a^^SiJ^N°9p«-i5'rKl, Tl 

, K2. T2, b, Cj^^^«#)lHl-OV^-C. ±$|5?M^^^(-^-r5#)ll«^^!]i:b 

Eii4«. ±$p?a^£^^^j^^-r'5S^^i/^:^«J?fi^w' top (t) 

p (t) ^xxy-^-^^nMn.m^tov (t) ^gu^m^ja^Htop (t) \c^^x 
^m^nfci^^^ii'j?g.^Hwtop (t) i:. nn^n^nw^^vtov (t) ^^ej^{-<j;oT 

^ttS^tLf' rtas^ffi'J^MPWtop (t) I^^P^m^Ptm^Ftop (t) ^>?5^6lCj;o-C 
top (t) ^IflSfi^^-^t-.toX^m^tl./c^lS^a^^/v^ta^Wtopi^aSi/' 
[0082] mS1^S'J^^°^^^i5'^Kl, Tl, K2. T2, b. T^fi^^::^ 

(t) ;ass^;c5,^:^ia^wtopt^3£-^X 'f^||#(;ij:oTyV^Ki^>yiW^I^M 

j:oT. iJ^TKl, Tl. K2, T2, b, CJ^^^-r6#'^^-^i^ 014 
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[0083] mist*. Um'^my^^P^—^ TKI . T1 , K2, T2. b, CJ tr^jei-6^llHSr^-r:7 
CI— ^i'— h (S20) -t:&6o 

mi^^ (1114(01-2^(7)^1) (DS*s:3i5,v:??aitwtopic:M-r^^$i3^iiy?s^Hwt 

op(t) (Dit7!)>ib^ f^H^fi^K^y-l'^^KKOig^^^-r^o 
$f*U<f^. S^:3i^;,i;??i.^Wtop{;iji^J-b. ^f|5^?|ijm^HWtop(t)^5|i|§^L<^dJ5 

[0084] ;^7'5/^202(S202) {Ci^oV^T. 7^:^X2/^1^ (014(7)1 — 5 5> (7:) r^l) (O^lRJ^SiJ 
[0085] :P^Ty^204 (S204) lC:Jo V ^T. T^Ty^'^ Kmm^yi^UmWtop(DUm^ 

[0086] ;^7"5/:/206 (S206) K^\^^X. rt^^ayM^PWtop(t) (7)J^;^;6S£;^3^.;/-i/ia 
Swtop(D^£:^l^^#:6<jtJ:ia-^XJ:5(-. 'f'^ll#fi^2<7)P#S^T2(DM^^^-r5 

o 

[0087] y^Ty-:^20S (S208) t;i*3V ^-C. f^H^fiM^ W>'CSrl . O^U. :7^/Ui$^^^^ 

m^atop(t)(Dm\^7f)mm^^m^ia-x.y^^^^^^mi^m^itio. 20, 30, 
4o<Dct5t-)iifi^5fe^'fb^'^^ m^atop (t) (Dmiti!)mW}^xti:<^j:^fcm'B-i^y-(^i^^ 

[0088] ;=^7"5/7'2l0(S2l0)^^^b^v^-r, ^^:7'T5/:7'^T^([lli4co5^i^l^)(7)S;K:^5/ 

v^^ay^Mw top (t) <Djt^^7!)^mm^y^^m^wtop(D]t^m^T5:'^<xo ^-^^^ 
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Ti. T2^mmM-r^o 

[0089]- s20(D^mi:inoxm.^f'm^<9;^—^^^^L'Xh. mm^iyi^'^mumw'to 

o*«5. ^^^aytfi^HWtop (t) J;'9'fe>l^lfC^?l'J?M^PWtop (t) lcfi^Sr*3<rt 

K^y). mm^iyi^^mumw top it) (Dm^t. mm^^yi^m.mwtop(Djt^^t<D 

x^n^timmf-m^^vp^—^^Ki, ti, k2, t2, b, ci^^^-r^:Ltf)^x^^o 
[0090] [s^^a^K^-ay^ij^i] 

mhtlX^^^(DX\ U&=^l^h^—y4i~i. 3o(7)taS^^^StM00^^bSAtb5 
[0091] o*>9, ?aS=tVhn— 74{*, ^340-1— 340-4^tt^*tt<7)ffl;^t:$fJ» 

40(DMf^*«, mPLi^y^—^l^— ^340-1— 340-47!)^±WU.m'^=-^. TW^ 

Mm^t.'^^i&ir^i^mnm(Dmnmmnf^m!:.^<^xi^m^ti^m^t7i^h^^ 

[0092] ^-r> 40(D^j^»;aST#lt^lclJ;oT^ttl$tb6^-^^ilOV^-cmP.g-r5o 

4ooi^m'r^^mm.mt.^ti^^ti(Dm.m'^='i^&U4oo(Dn'^umi^M-t^mm 
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t^^fh^fi(om.mm^^/—>'(}j. cu, cl. ij)\z.=f'mitm\^'kt>^xm^u^o 

[0093] m^Ht. llll3{C^bfc:^#Jt#t;iioV^T. Wf^Ums-b^S^O" CT-fe<9. _hgB?fi^ 

O^^ta^t-^^-r-SS^^i/i^WJr^SW'topWcDil^t^i. 5° C(850° C-84 
5° C)<b/cCoTV^5b 

Ciri?, S^3i5/^;?^?|!j?l.SW'top(t)t:ii3tt6#m.^|llSi5y— ^-CU, CU. CL, 
[0094] [^9] 

U :>'N(DigSfl[>Siyjiyfi=5° C X 0.727 = 3.635* C ••■ (9-1) 

CU'/— >'^a>iis<7)«iyjiys=5* c x 0. 364 = 1.820' c ••• 0-2) 

CL'/— >^«><gS<Diiyigyfi=5* C X (-0.068) = -0.340' C ••■ (9-3) 

L y— >--^(D{is©»iysya=5' c x (-0.023) = -0. 115' c ■•■ 0-4) 

[0095] u&^y-hx^—vAn, -rm^^'^=-'^^i^w^u&'^^^\z.^\^xhmm^^ 

V>-CPID^^/j;^^clJ:l9. >'fc>-i5'340-l-340-4^n^*tbl-*f-rS^f^*^ 

—i? 340-1 — 340-4(D ai;'3 ^^IJ^-T 5o 
[0096] 40(D^f^fi}aS^#fT^J(^3S5^T^IJSI^J^:^l-J:oT^ai$tt^#'a-{-OV> 

[0097] ^-f . #taSMi5i/— :x(u, cu. CL. L) ^c*DV^■r. F^IH5f^«^S.SPt->^-r^ 
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[0099] iiii7tc;^bfdii:^tT^'Ji:b-r^-ri:> T5*:io(oj:5i-^^tv. nmM^=^^nnt 



[0100] [^10] 



M = 



1.000 0.000 0.000 0.000 

0.640 0.320 -0.060 -0.020 

-0.060 0.280 0.800 -0.080 

-0.080 -0.140 0.420 0.620 

V J 



(10) 



[0101] o;st). ^#tT^ijMfi. ^mmmmy^—xDfyummnmmp^n" cmti^t-m 

[0102] :2is:j^tHMAt-J:^flil(^l±l]|S(#llS2001-272218;¥^13(2001)^9^ 7 
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[0103] [mil] 



1.000 


0.000 


0.000 


0.000 


-1.922 


3.033 


0.165 


0.119 


0.672 


-0.930 


1.120 


0.115 


-0.760 


1.315 


-0.722 


1.562 



■•■ (11) 



[0105] [^12] 



f 


1.000 


0.000 


0.000 


0.000 


^ 




f 


5 






f 


5.0 






-1.922 


3.033 


0.165 


0.119 




X 




5 








7.0 






0.672 


-0.930 


1.120 


0.115 








5 








4.9 




V 


-0.760 


1.315 


-0.722 


1.562 


J 






5 


J 






7.0 


J 



••• (12) 



[0106] o^^), ^um'^=-<^^^R4oo(Dmmtm^i-^±x5'' co^-^d^. ^i2k^v 

^-fbSfi. ^tb-€tL5" C, 7. 0° C, 4. 9" C, 7. 0° ct;i/.e-5o 
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- 340-4 CO i±j;fj ^$iJ^iPi-5o 

[0107] St5<^^S0#^-*3V>Tfi. i51^lH3fl«;>ft342i3j;D«F^gP^«^302;?|51^ttl-t-6K 
J^;'F3l^(Ofi^;ii^?^> i/— ^t— iJ?340-l— 340-4OT#lt^*fc:}i^#tt^iJM 

ifc-rsJ;5l-> ^y->'t— 340-1 -340-4^ tL^*i^^^^i-a#jt*^^tHb. 

—^-t— ^340-1— 340-40 t±i;tl^^lJ^-r6o 
miS=i>'hn— ^4(*, >/— ^5^340-1— 340-4<^m;^^jaffi6^f^^J^i"^<^ 

[0108] [S*S?aS^ffi'J^J^t-i^^^^=C?fiSx-i5'(D^#] 

m^^^^«fe4oo(D^S!J?a^f*^ ±5*bfc<t5J-. ^§p^m^?aSHi:f^ia5^ 

?Mi^i^SlJ^^°9p<— iS^TKl, Tl, K2, T2, b, Cjfi. S^cO?SS$lJtP^^T5^^#^ 

[0109] ^fc. ^^#:Ma^Sl^ci*5V^-r. ^»^^tlFB2{i. ifi^=i^hci-74^^b-cm 

m^it. ?fi^3^hn— ^4 (El2);55f^§|3i*v®>?f 302-1— 302-4*5 j;tJ«in>$l5^tt 
^342-1 -342-4^^ U-C?fi^7"—i5'SrSAti.Td^f>. i/— i^t:— ^5^340-1— 340 
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(?[)CPU40}^^^;lS«^?M$|J^^-r5^a^^T5^^^:^5-ctS<t9i-b-C&S/c^?)T*fc 

[0110] :i(DXoK. m7^-Atim2^fcnt&mHiti^24immy'-^^mti't^mmt^ 

4#-efc^. ?l.g=i>'hP-^4;eiSXt5(7)?M^^iJ^^p-r6jl^;55o. 5#-t:'fo5^^t- 
(i. ^^|iJ?aS^»l±lt-^fcJi!?OtaS«'k-^^P<-i5'rKl. Tl, K2. T2, b. Cj^li 
^-rSfcfetilx 0. 5#jl«(^?aS7^-i5';6S*^-A;tjlH522*fc{*|Elicm;tl^24;0^ 

o^^), f^||#f*. 0. 5#J^W'Z)?l.>gT'--i5'^fB^a:l;ba324/^t*;0^^ffi;d$-1i:6:: 

[0111] 0. 5#ji^(^ms7'-i5'{i. m^it^ mu^i^n2(Dmmw.^^22o\cx^x. 
mw^i^^2tu^=i>hti-'94t(Dm(ominmM^^M'r^:iti)^x^^xo{^\^. 

i^m^^mum'^^27b^hm^^^-r^u^T'-^<DmM^4fpt.fcno. 5#c^v ^-rn 

[0112] t,fc. mn.mi¥m7!)^4^mmx^mL'fcm.my'-^^^ibo. 5fmm(om.mv'- 

[0114] [s^sm-s^aij^jifii i^>$^->mti:^<y^—'$'<DAtii 

mmum^mmmi^n. u&^my<yy^-i^^Ki. ti, k2, t2, b, cj. *5<};t;« 
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1. K2, T2, b. CJ^. Tjf— M08t^50tft:(DS;KSr^®U-C^Sb^?a^^?|lJ^-«^^ 

-ij^TKi, Ti, K2, T2, b, c]t^^fh^^t\M'Mu RfiL^ips^xmm^ti^mmco 
tfe:^^cJ^?cT^^^^-^5'7^->^/^;ss^s^f^^2^i^^LTil^$H5J:5ivlbTtj^ 

o 

igi8i^^-rj:5i-. iJ^a^^ffiffiftx T—y/^m^U222. ^^^mm^A 
[0116] T-y/i^m^n222i-i. mm^f^m-r^m.mwj:ti^!t>]:^fcy<y?^-^'r—://v^ 
^^^mmi^Atin224ii^^ mm^ti^um^^^mm4oo(D^^^rfm^^^h 

^Ati^o 

, Tl, K2, T2. b, CJ ^i'^m^HJ^h^Atl^o 

ii^ft^lJt^^^m^. ^g|5f*i«*i-342-l-342-44b*J;U?[^MS>^302-l-302 
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[0117] mm^^^mmm(Dmni 

um^m^<yp^—^^£if^m\^^x^mum'f'mm'm^n^x^m^mmi:ii^m-r^ 

[0118] mim. mmi^i¥^2(Dm^'Atin22K:}s\^^x. mm^mmm(Dmm^ir^m 

mKm^^n^ummmm'^mm(om^m'rmx^^o 

■\txn^Xoi^L-xh^, 

[0119] K3i^ia5230}:i. mmmmm^mmi^i3i'f^m'^<DMM^m^-r^m^^^ 

^-Ks^§P23oj^*5v m^i'fp^t^mmM302^tin^^mmM3427!)mi^ 

K)^mn^nfcmnMKMvx^y—iy:i:ti,cm'^m&i^^i^^M.(Dm^(Dmyr^^ 
^i'fAMm7jk^umm^U232\zm^-r^o 

^M.m^'^U232icm^^^o 
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[0120] iaStg^^232{i. ^~K3M#^lFP230lC*3V^-Cil^$nfc^-KtC^£:CT. Wt& 

[0121] XN°^^-^^^§P234{*, PIDjl^$i3236^, 'f'mmWM^M238t^m'r^o 

- - PIDil^|fp236fi, Umm'^U232X-n'^:^tlfzM'^mm^^-C^^U(Dimi^}t 

^-K;65jl^$tLTV>S#'^tciti. m.m^W\y<9^—^^Kl, Tl. K2. T2. b, Ci^^ 

^fc. i^aij$ij^il#^^238}i. ^— K^l^R^230ic*5^/^-C*^«J^|J^^^Mft-t- 
:5^— K^JSji^^ttTV ^^m-^iai. iu.mm^U232izx^m'^:isxxfm^(D^^ 

fj:t^^)t^\:.f=.mm^j:Um^m^<v ;^—^^Kl, n, K2, T2. b, Cj;dSii^$tt5J;5 
^^Kl, Tl, K2, T2. b, Cj(^3P^f*. ^i|ij$lj»^^a3238tc 

[0122] :L(DXoi^. v^rn^n. mm^mmm(omm^i'^:itt. mmm.m^w\mm^m 

rfvxmm^mm^m^m-r^^tt^mm:m'f^2^^i.xmi^-r^^t-!!)^x'^^o 

94^^^m\i^tim^m.m^mn^i^M27!)^^mu m^'Atit\^22izx^xm^^^ 
fdo. wm^2G\z.um-^'^^^tfi^x*%^ Y^mm\t=^mm.m<Di^m:^m(o^'^^ 
'^fz.n^m.m^'mm-r^^tt^x^^o 
[0123] m^. w&L\^m^mmm^mn\^fzM'^(Dmm(DumMm^-o\^xwLm'r^o 
1321 fi. mm'^mmn(Dmm^-r^'^—Y\^^^^x. p^u^mn302(Du&(D 

^XUm\^f:im^(O^W.^^y^-y\^^'^t^U^>t-\^&C(DJ^^^^ 
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^n^n^'&UMs (800° C) (viMbT;^t<;*-— v'^— hbfc^tc, ^^^S;^ 

[0124] — iii22j;i^-rj:5(-, ^5£?assoig^bj;i>tb. mmm.m^mpm<DMM^ 

m^nfcmm=^yi^umw(D}t^m^^-^<xo^^umn^]^<^y^~i^^Ki, ti, k2 
mm=^^y-:>M.mwx^hmtix^mumsiz.m\^x^'^-i-^o 

=k-r^^mx^m^tifcmm^iyi^m.mwtmm ^ '\J'm.mct(D^^m^M tcaa-^x 

<fc5l-?fi^¥?l'V-^7p(^i5'rKl, Tl, K2, T2, b, Cj :65i^«$tfrv ^50t?. mWL=^ 

yi:^umw(D}t>m-Wi^u^sKM\^xm2i\z7jk\^tcmm^'yi^umw^^^ 
^ij'umc(Djt^^x^hi'^umW'<m^umsi:imvx^^i.x\^^^o 
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[0126] mmm.m^mMm(DMMn. mm^'L-m.mc-vh-:>xhx^^^u ^m^nM406 

-1-406-4, iHmW^nM404-l—404-4iSXXf'P'b>minM402<D^i^Umti:t* 

^TKi, Ti, K2, T2, b, Ci^m^-r^^ti^i^y)^ &mum<Djt-^^ 
[0127] i^, :^mmn. mmMmm'mKm'^^n^Mxnfj:<. ■^(7)Si'^3t,mL?'^v^i5 

[0128] :^mmi-i. m^(Dmm(DfcibKmm'^mxh^o 
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. mnimR(Dmi(o^w.m^tm2(Df'Wim^t(Dm:^i:t^^x.^ 
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[6] mmum^mt. mm(D:/-:yi}m^^^^u 
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[10] mtimm^mmmm^^<Dmti^Mmi-^mmmm~(Dmm'<:mmm.m 
[11] mtimm^^*^mmm^^(Dmti^mm-t^mmmm-(Dmm-x^mm 
[12] mm^p^Kii5Lm^tifcmu^i}um-r^j:ut. 

(Dumiikm^&tt^m-r^mmfi!kmmmi^:is^^x. 
mmmi(D^^m^iii^^i^^'^xmm^^tium^^hmi(D&m^m\um^:wm 
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[1113] 
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[1114] 
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302-1 ~302-4 
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340— 1'-340— 4 
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cms] 
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36] 
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406-2 
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[1119] 
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[laio] 




[mil] 
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852.9 


CL+5°C 


852.1 
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[11112] 
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cu 
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-0.068 
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1.000 


1.000 




jSJt^il'J/^^^— ^ (T1=50, Kl=1. 074, T2=12S. K2=l. 072. b=40. 0=1. 0) 
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CU 
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